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1. INTRODUCYTLION. This report has been.assembled as an aid tor those
who are interested in heliconter/heliport research, c¢nginceiing,
and development.y This includes those within the Federal Aviation |
Administration AA) , those in industry, and those in state amvi
local qovegnméﬁts.

/’/./

2., SQOPE. “In selecting documents to be included in this report, two
Lim1tations‘f€ n-observed. First, the documents are
specitically related, in whole or in part. to helicopter
operations. Second, they are limited to documents 1in which the
research., engineering, and development elements (i.e., the ADL
Complex) of the FAA have been involved as sponsors, participants, or

v authors. Citolion s sreds Jo O bhstiorfy. Buth ¢ anc zulip-t ndetes
Are PoVided, o -
3. AVAILABILITY OF DOCUMENTS. The documents listed in the report are
. readily available from three sources:

a. National Technical Intormation Service (NTIS). Many of

the documents listed in this report are available thru NTIs.
These documents can be identified via the statement in block

18 of the technical report documentation page (Form DOT F

1700.7) given in Appendix E. For those reports available from
NTIS, the accession number is given in block 2 of the technical
report documentation page. In ordering a document from NTIS, the
accession number should be used. The cost is dependent on

the number of pages in the document (see table 1).

b. American Helicopter Society (AHS). Copies of virtually

all of the documents listed in this report have been given to i
AHS. Both AHS members and nonmembers may obtain copies of I
reports for a small fee.

c. Helicopter Association International (HAI). Copies of ;
virtually all of the documents listed in this report have |
been given to HAI. HAI members may obtain copies of reports
for a small fee. !

. 4. ORDER OF THE LISTING. In the bibliographic listing, documents are
listed in order of the year in which they were published. Within
the yvear of publication, documents are listed sequentially

. according to report number. Some documents do not include the
vear of publication as part of report number. Such a document is
listed after other documents published in the same year. (e.q.,
NAE-AN-26, published in 1985, is listed after the other reports
published in 1985.) -
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NTIS PRICE SCHEDULES

i~
o Schedule A
ot STANDARD PRICE DOCUMENTS
."'f: AND MICROFICHE
‘.;;'-
ﬁ‘.!.'.
" NORTH
] “! PAGE AMERICAN FOREIGN
::‘,: RANGE PRICE PRICE
P Microtiche $ 595 $11.90

001-050 9.95 19.90
a5 051-100 11.95 23.90
oy 101-200 16.95 33.90
e 201-300 2295 4590
;,i.:' 301-400 2895 57.90
Y 401-500 3495 69.90
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Y 3
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X
e
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Installation Practices for Helicopters
(Eric H. Bolz, Larry D. King)

Analysis of Rotorcraft Crash Dynamics for Development
of Improved Crashworthiness Desiqn Criteria
(Jogseph W. Coltman, Akif O. Bolukbasi, David H. Laananen)

Course Width Determination for Collocated MLS at Heliports
(James H. Enias)

Nonprecision Approaches in the Northeast Corridor Using
Second Generation Loran Receivers (Barry Billmann,
John G. Morrow. Christopher Wolf)

Test Plan for Siting, Installation, and Operational
Suitability of the AWOS at Heliports (Rene A. Matos)

Helicopter Terminal Instrument Approach Procedures
(VOR/ILS) (Christopher Wolf)

Summary of Artificial and Natural Icing Tests Conducted on
U.S. Army Aircraft from 1974 to 1985 (Harry W. Chambers,
John Y. Adams)

Pilot Evaluation of TCAS in the Long Ranger Helicopter
(John W. Andrews)

Test Plan for Rotorcraft Traffic Alert and Collision
Avoidance System (TCAS) (Aibert J. Rehmann)

Validation of MLS Siting Criteria for MLS Steep Angle
Approaches to a Heliport (Scott Shollenberger)

Pilot Inflight Evaluation of MLS Procedures at Heliports
(James H. Enias)

Technical Support of the Wall Street/Battery Park City
Heliport MLS Project (Barry R. Billmann, Michael M, Webb.

James H. Enias)

Rotorcratt TCAs Evaluation, Group 1 Results
(Albert J. Rehmann)

Computed Centerline MLS Approach Demonstration at
washington National Airport (James H. Remer)
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e FAA/CT-TN85/64 Heliport MLS Critical Area Flight Tests (Robert S. Jeter)

ﬁﬁs FAA/CL-TNB5/83 Rotorcratt I'CAS KEvaluation Bench ‘lest Report
fg: (Arthur W. Cushman, Albert J. Rehmann, John wWarren)
Tk
NAE-AN-26 A Pretiminary Investigation of Handling Qualities

:;% NRC No. 24173 Requirements for Helicopter Instrument Flight During
hg: Decelerating Approach Manoeuvres and Overshoot
:‘::t (Stan Kereliuk, J. Murray Morgan) February 1985

\

A1)

- e
-

FAA/PM-86/10 Very Short Range Statistical Forecasting of
Automated Weather Observations (Robert G. Miller)

,,
-
>~

St
"
]

R FAA/CT-TN86/14 Heliport MLS Flight Inspection Project
%&. {scott Shollenberqer, Barry R. Billmann)
(.l‘
] FAA/PM-86/14 Technical Requirements for Benchmark Simulator-Based

NASA CR-177407 Terminal Instrument Procedures (TERPS) Evaluation
;Q? (Anil V. Phatak. John A. Sorensen)
0
5& FAA/PM-86/15 Evaluation of the Usefulness of Various Simulation
W NASA CR-177408 Technology Options for Terminal Instrument Procedures
AN (TERPS) Enhancements (Anil V. Phatak, John A, Sorensen)
gaai FAA/CT-TN86/17 LORAN Offshore Flight Following Project Plan
. (Jean Evans, Frank Lorge)
2
B FAA/CT-TNB6/22 Heliport Electroluminescent (E-L) Lighting System,
e Preliminary Evaluation (Paul H. Jones)

|
?ﬁf FAA/PM-86/25 Aircraft Avionics Suitable for Advanced Approach
R, Applications (Stanley Kowalski, Thomas H. Croswell)
&%: Volume I: Aircraft Fleet Equipaqe
% FAA/PM~-86/28 Investigation of Hazards of Helicopter Operations and Root
Cases of Helicopter Accidents (Franklin R. Tavylor,
;.:‘ " Rich J. Adams)
0
Q‘J: ) . . s
29 FAA/PM~-8b/30 The siting. Installation, and Operational Suitability of
393 FAA/CI-86-9 the Automated Weather Observing System (AWOS) at Heliports
W (Rene* A. Matos, John R. Sackett, Philip Shuster,
Rosanne M. Weiss)
l.', .,v
#;ﬁ FAA/CT-TN86/31 Evaluation of Sikorsky $-76A, 24 Missed Approach Profiles
{*; Following Precision MLS Approaches to a Helipad at 40 KIAS
b : (Michael M. Webb)
i FAA/PM~-86/45 Aeronautical Decision Making for Helicopter Pilots
:Qﬁ; (Richard J. Adams, Jack L. Thompson)
l...
o FAA/AVN-200/25  Helicopter Microwave Landing System (MLS) Flight Test
' J (Charles Hale, Paul Maenza) June 1986
\"‘,'I
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v APPENDIX B: SUBJECT INDEX

%

g

o ACCIDENTS

B FAA/CT-83/40 FAA/CT-85/11

iyl

g: ‘ ADVANCING BLADE CONCEPT HELICOPTER

WY

2

K FAA-RD-78-150

" AIR TRAFFIC CONTROL

t:i

el RD-64-4 RD-64-55 NA-68-21

RN FAA-RD-73-47 FAA-RD-78-101 FAA-RD-78-150

o FAA-RD-79-123 FAA-RD-80-59 FAA-RD-80-80
FAA-RD-80-85 FAA-RD-80-86 FAA-RD-80-87

e FAA-RD-80-88 FAA-RD-81-55 FAA-RD-81-59

g FAA/CT-TNB6/17

!

)

5; AIRBORNE RADAR APPROACHES

;.s.

A |
FAA-RD-78-101 FAA-RD-78-150 FAA-RD-79-99

A FAA-RD-80-18 FAA-RD-80-22 FAA-RD-80-59

" FAA-RD-80-60 FAA-RD-80-85 FAA-RD-80-88, 11

5 FAA/RD-82/6 FAA/RD~82/40

4|:’

NE AIRWORTHINESS

FAA-RD-78-157

FAA/CT~85/26

.“'
gﬁ AREA NAVIGATION (RNAV) (See also GPS, LORAN-C, and MLS RNAV)
A
‘5.
s FAA-RD-71~96 FAA-RD-76-14% FAA-RD-78-150
FAA-RD-80-17 FAA-RD-80-64 FAA-RD-80-80
a FAA-RD-80-85 FAA-CT-80-175 FAA-RD-81-59
% FAA/RD-82/6 FAA/RD~82/7 FAA/CT-82/57
o FAA/PM-86/25, 1
.Q.'Q
L)
! AUTOMATED WEATHER OBSERVING SYSTEM (AWOS)
Q; FAA/HD~-81/40 FAA/CT-TN/85/23 FAA/PM-86/30
)
\J
Q AVIONICS EQUIPPAGE
A
-
o FAA/PM-86/25,1
2]
(¥,
]
3
1, ¥
B 11
ey
\l’
e ¥
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- e S

; AWOS GEM
; FAA/PM-84/31 FAA/PM-86/10
AUTOMATIC DEPENDENT SURVEILLANCE (See LOFF)
F AUTOMATIC DIRECTION FINDER (See Nondirectional Beacon)
.s AUTOROTATION
' NA-67-1 FAA/PM-86/28
; AVIONICS, AIRBORNE RADAR APPROACHES
% FAA-RD- 79-99 FAA-RD-80-18 FAA-RD-80-22 :
{3‘. FAA-RD-80-60
AVIONICS, COMMUNICATIONS .
i FAA/PM-85/8
. AVIONICS, GPS (See also GPS)
;
FAA/RD-82/8 FAA/RD-82/9 FAA/RD-82/63
: FAA/RD-82/71 FAA/CT-82/103 FAA/CT-TN83/03 |
? FAA/CT-TN83/50 FAA/CT-84/47 ;
; AVIONICS, LORAN-C (See also LORAN-C and LOFF) |
1 FAA-RD-70-10 PAA-RD-80-88 FAA-CT-80-175 |
K FAA-RD-81-27 FAA/RD-82/7 FAA/RD-82/16
" FAA/RD-82/78 FAA/CT-TN85/17
' AVIONICS, MLS
FAA/RD-82/40 FAA/CT-TN85/63
’;; AVIONICS, TCAS (See TCAS)
':‘, CHARTING
FAA-RD-78-150
% COLLISION AVOIDANCE SYSTEM (See also TCAS) .
) FAA-RD-80-88, I FAA-RD-81-59
_ COST/BENEF ITS
R FAA/RD-82/40 FAA/RD-82/6 FAA/PM-84/22
"
L]
: 12

"L,l %) ~
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CRASHWORTH INESS
FAA-RD-78-101 FAA/CT-85/11
DECELERATING APPROACHES (See Low Speed Approaches and MLS)
DEPENDENT SURVEILLANCE (See also LOFF)
FAA-RD-80-85
DISTANCE MEASURING EQUIPMENT (DME)
FAA-RD-80-17

FAA/RD-82/78
FAA/PM-86/25,1

FAA-RD-76-146
FAA/RD-82/63
FAA/PM-86/15

FAA-RD-71-96

FAA/RD-82/6

* FAA/PM-86/14
DOPPLEK NAVIGATION
FAA-RD-76-146

FLIGHT CONTROLS

FAA-RD-80-64
NAE-AN-26 (1985)

FAA-RD-79-64
FAA/PM-86/15

FAA-RD-78-157
FAA/PM-86/14
FLIGHT DIRECTORS |
FAA-RD-78-157 FAA-RD-81-7~LR FAA/PM-86/25,1
FLIGHT DISPLAYS
FAA-RD-78-157 FAA/PM-85/30
FLIGHT INSPECTION
FAA/CT-86/14 FAA/PM-85/7

GENERALIZED EQUIVALENT MARKOV (GEM) (See Weather Porecasts,
and AWOS GEm)

GLOBAL POSITIONING SYSTEM (GPS)

FAA-RD-78-150
FAA/RD-82/8
FAA/RD-82/71
FAA/CT-1N83/50
FAA/PM-86/15

FAA-RD-78-101
FAA/RD-82/6
FAA/RD-82/63
FAA/CT-TN83/03
FAA/PM-86/14

FAA-RD-76-146
FAA-RD-80-85
FAA/RD-82/9
FAA/RD-82/103
FAA/CT-TN84/47

GULF OF MEXICO (See also LOFF and Offshore Operations)

FAA-KRD-80-47
FAA-RD-80-88
FAA/RD-82/7

FAA-RD-80-85
FAA/RD-81/40
FAA/CT-TN85/5

13

FAA-RD-80-87
FAA-RD~-81-59

SRR




HANDLING QUALLTIES

ty FAA-RD- 78-157 FAA-RD-79- 59 FAA-KD 79-64
o) FAA-RD-80-58 FAA-RD-80-64 FAA/CT-83/6
N NAE-AN-26 (1985)

HE IGHT-VELOCITY DIAGRAM
1! NA-67~1 FAA-RD-80-88, 11 FAA/PM-86/28
o HELICOPTER NOISE (See Noise)

Lt HELIPORT DESIGN (See also Heliport Lighting, MLS Siting, and AWOS)

I FAA-RD-78-101 FAA-RD-80-107 FAA-RD-81-35 -
o FAA/CT-82/120 FAA/PM-84/22 FAA/PM-84/23
i FAA/PM-84/25 FAA/CI-TN84/31 PM-85-2-LK

PM-85-3-LR PM-85-4-LR FAA/PM-85/7 «
o HELIPOKT LIGHTING/MARKING
.';'
N
gy NA-69-2 FAA-RD -71-105 FAA-RD-72-133
'@ FAA-RD-78-101 NA-80-34-LR FAA-RD-80-59

FAA/CT-82/120 FAA/CT-TN84/34 FAA/CT-TN86/22
. ‘
tk HELICOPTER OPERATIONS STATISTICS |
iy, ,
Zg FAA/CT-83/40 FAA/PM-85/ 6 FAA/CT-85/11
;Lv FAA/PM-86/28
o HELICOPTER PERFORMANCE
y 4
N
» FAA-RD-80-107 FAA/RD-81/35
[}
A/
(W)
" HELIPORT PLANNING
v FAA-RD-80-107 FAA/RD-81/35 FAA/PM-84/22
K FAA/PM-84/25
ER
iy
ir HELIPORT SNOW AND ICE CONTROL
e
2

FAA/PM-64/22
- .
)
) HIGH FREQUENCY COMMUNICATION
Ah
R FAA-RD-78-150
2

HOLD ING PATTERNS

o
Xy FAA-RD-78-150 FAA-RD-80-59 FAA-RD -80- 80
o FAA-RD-80-86 FAA-RD-80-88
&
*l
P
r. P
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HUMAN FACTOKS (See also Flight Controls, Flight Displays, and TCAS)

FAA-RD-81-59 FAA/CT-83/6
FAA/PM-86/28 FAA/PM-86/45

ICING {(See also Weather)

FAA-RD-78-101 FAA-RD-80-24
FAA/CT-81/35 FAA/CT-83/7
FAA/CT-83/22 FAA/PM—-84/22

INERTIAL NAVIGATION SYSTEM

FAR-RD--76-146 FAA-RD-80-85
FAA/RD-82/24

INSTRUMENT LANDING SYSTEM (ILS)

PAA/RD-82/6 FAA/CT-TN85/24
FAA/PM~-86/15 FAA/PM-86/25,1

LIGHTING (See Heliport Lighting)

LORAN-C (See also LOFF)

FAA-RD-70-10 FAA-RD-76-146
FAA-RD-78-101 FAA-RD-78-150
FAA-RD- 80-47 FAA-RD-80-85
FAA~RD-B80-88 FAA-CT-80-175
FAA-RD-81-59 FAA/RD-82/6
FAA/RD-82/16 FAA/RD-82/24
FAA/RD-82/78 FAA/PM-83/4
FAA/CT-TN85/5 FAA/CT-TN85/17

FAA/PM-86/15

LOKAN-C VERTICAL NAVIGATION (VNAV)
FAA/RD-82/16

LORAN FLIGHT FOLLOWING (LOFF)

FAA-RD-80-85 FAA-RD-80-87
FAA - KD 81-55 FAA-RD-81-59

FAA/CT-83/40

FAA-CT-80-210
FAA/CT-83/21
FAA/CT-85/26

FAA/RD~82/1

FAA/PM-86/14

NA-78-55-LR

FAA-RD-80-20
FAA-RD-80-87
FAA-RD-81-27
FAR/RD-82/7

FAA/RD-82/57
FAA/PM-83/32
FAA/PM-86/14

FPAA-RD-80-88
FAA/CT-TN86/17

LOW-ALTL'UDE COMMUNICATIONS (See also Northeast Corridor)

FAA-RD-78-101 FAA-RD-78-150
FAA-RD-80-20 FAA-RD-80-80
FAA-RD-81-9 FAR/RD-81/40
PM-85-2 LR FAA/PM-85/8

FAA-RD-79-123
FAA-RD-80-87
FAA-RD-81-59
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‘ LOW-ALTITUDE NAVIGATION (see also LORAN-C, Northeast Courdor,

.;:’. and GPS)
o

- FAA-RD- /] -906 FAA-KL- 76- 146 NA-T78-55 Lk

FAA-RD-78-10U1 FAA-RD-78-150 FAA-CT--80- 18

. FAA-RD-80- 20 FAA-RD- 80-80 FAA-RD -80 8/
:;‘.:;: FAA-RD-81-59 FAA/PM-83/32

U
!" i
';:'::: LOW-ALTITUDE SURVEILLANCE (See also LOFF)

ALNS

KD

" FAA-RD-78-150 FAA-RD-80--20 FAA-RD-50-80

- FAA-RD-80-87 FAA-RD-81-59
R
""("’
}i:;\ LOW SPEED APPROACHES

.:‘:Q'I

th NA-68-11 FAA-RD -80-58 NAE-AN-26 (1985)

- FAA/PM-86/14 FAA/PM-86/15 FAA/CT~-TN86/31 ‘
NAE-AN-26 (1985)
_:::' MLS FLIGHT INSPECTION (See Flight Inspection) |
LK) |
)
)

b MICROWAVE LANDING SYSTEM (MLS), GENERAL (See also DME) ]
‘.

R FAA-RD-78-101 FAA/RD-82/6 FAA/RD-82/40 l
) \'j FAA/CT-TN84/16 FAA/CT-TN84/20 FAA/CT-TN84/40 ;
300 FAR/PM-85/7 FAA/CT-TNB5/15 FAA/CT-TN85/53 |
oY FAA/CT-TN85/55 FAA/CT-TN85/58 FAA/CT~TN85/63 |
el FAA/CT-TNB5/64 FAA/CT-86/14 FAA/PM-86/14 j
FAA/PM-86/15 FAA/AVN-200/25 (1986) |
i
u MLS RNAV

)
2::, FAA-RD-80-59 FAA/RD-82/40 FAA/PM-85/7
g:g, FAA/CT-'IN85/63 FAA/PM-86/25, I
. MLS SITING
K
)
\0
K FAA/CY-TNB4/40 FAA/CT-TN85/53 FAA/CT-85/58
:{3 FAA/CT-TN85/64
K)
a MLS TERPS (See also TERPS)
W
i FAA-RD-80-59 FAA-RD-81-167 FAA/CT~TN84/16
Sy FRA/CT~TN84/20 FAA/CT-TN85/53 FAA/CT~TN85/55
RN FAA/CT-TNB6/31 FAA/AVN-200-25 (1986)
§
X
MILITARY TRAINING ROUTES

¢ FAA-RD-80-88, I
[ NAVIGATION SATELLLTE TIMING AND RANGING (NAVSTAK) (sce GPS)
. ~|

. U

w NEAR MID-AIR COLLISIONS (Sce also TCAS)
<
A% FAA-RD-80-88, 1 FAA/CT-83/40 FBA/PM-85/6

N

~'

16

NZton: AR LB A AL o A € T T vy A M Yo AN O 0 1 M M S M p g
R R e R R s T B ST Ty R A Y




NOISE

FAA-RD-75-79
FAA-RD-76-1
FAA-RD-77-57

FAA-RD-75- 12"
FAA-RD-76-49Y
FAA-RD-77-94

FAA-RD-73-145
FAA-RD-75-190
FAA-RD-76-116
FAA-RD-78-101

Note: During the late 1970's, responsibility for issues
regarding helicopter noise was transfered to the FAA Office of
Environment and Enerqgy (AEE). The reports listed in this
bibliography are limited to those in which the research,
engineering, and development elements (i.e., the ADL complex)
of the FAA have been involved as sponsors, participants, or
authors. Since AEE is outside the ADL complex, the reports
they have published on helicopter noise are not listed herein.

NOND IRECTIONAL BEACON

FAA-RD -76-146

FAA-RD-80-85
NONPRECISION APPROACHES
NA-80-34-LR
FAA/RD-82/8
FAA/RD-82/71
FAA/CT-TN83/03
FAA/PM-86/25,1

NORTHEAST CORRIDOR
FAA-RD-70-10
FAA-RD-80-59
FAA-KD-81-59
FAA/CT-TNB5/17

OBSTRUCTION AVOIDANCE

FAA-RD B1-59

OF FSHORE OPERAT IONS
FAA-RD-76-123
FAA-RD-79-123
FAA-RD-80-87

FAA-RD-81-55

OMEGA

NA-78-55-LR
FAA-RD-80-85
FAA/PM-86/14

FAA-RD-78-101
FAA/RD-82/6

FAA-RD-78-150
FAA/PM-86/25,1

(See also Airporne Radar Approaches)

FAA-CT-80-175
FaA/RD-82/9
FAA/RD-82/78
FAA/CT-TN84/34

FAA-RD-80-17
FAA-RD-80-80
FAA/CT-82/57

TERPS)

FAA-RD -80-107

FAA-RD-76-146
FAA-RD-80-20
FAA-RD-80-107
FAA/RD-82/6

FAA-RD-78-101
FAA-RD-80-88,I1I
FAA/PM-86/15

FAA-RD-81-27
FAA/RD-82/16
FAA/CT-82/103
FAA/CT-TN85/17

NA-80-34-LR
FAA-CT-80-.75
FAA/RD-82/78

(See also Airborne Radar Approaches and

FAA/PM-86/28

(See also Gulf of Mexico and Airborne Radar
Approaches)

NA-78-55-LR
NA-80-34-LR
FAA-RD-81-27
FAA/PM~-83/4

FAA-RD-78-150
FAA/RD-82/6
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PRECISION APPROACH RADAR (PAR)

FAA-RD- 80-107

RNAV (See Area Navigation)

ROTUR BLADE CONTAINMENT

FAA-RD-77-100

SAFETY (While this topic is addressed in most of the documents in

this bibliography,

particular interest.)

FAA/CT-83/6
PM-85-4-LR
FAA/PM-86/45

SIMULATION
NA-68-21
FAA-RD-80-86
FAA-RD-81-59
FAA/PM-86/15

TACAN

FAA-RD-76-146
FAA/RD~-82/6

PM-85-2-LR
FAA/PM-85/6

FAA-RD-79-59
FAR-RD-80-86
FAA/CT-85/11

FAA-RD-78-101
FAA/RD-82/63

TERMINAL INSTRUMENT PROCEDURES (TERPS)

FAA-RD-78-150
FAA-RD-~80-59
FAA-CT-81-167
FAA/CT-TN85/15
FAA/CT-TN85/55

FAA-RD-80-17
FAA-RD-80-80
FAA/CT-TN84/16
FAA/CI-TN85/24
FAA/PM-86/14

FAA/AVN-200-25 (1986)

TILT ROTOR

FAA-RD-78-150

the following documents are of

PM-85-3-LR
FAA/PM-86/28

FAA-RD-80- 64
FAA-RD-80-88
FAA/PM-86/14

FAA-RD-80-88,11

FAA-RD-80-58
FAA-RD-80-107
FAA/CT-TN84/20
FAA/CT-TN85/53
FAA/PM-86/15

TRAFFIC ALERT AND COLLISION AVOIDANCE SYSTEM (TCAS)

FAA/RD-82/63
FAA/PM-85/30
FAA/CT-TN85/83

TRAINING
FAA-RD- 78-150

FAA/CT-83/6
FAA/PM-86/45

OO e 0 W% W Sy
L0 ;
WS RGN G] Y, 'u,l'n. L 'n’l‘. AP

FAA/CT-83/40
FAA/CT-TN85/49

FAA-RD-80-88
FAA/CT-TNB85/55

FAA/PM~-85/6
FAA/CT-TN85/60

FAA-RD-81-59
FAA/PM-86/28

FAA/AVN- 200/25 (1986)
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VERY LIGHT WEIGHT AIR TRAFFIC MANAGEMENT EQUIPMENT (VLATME)

FAA~-RD-80-87
VOR

FAA-RD-71-96
FAA-£D-78-150
FAA-RD-80-64
FAA/RD-82/78
FAA/PM-86/15

WAKE VORTEXES

RD-64-4
FAAR-RD-78-143

WEATHER (See also Icing)

RD-64-4

FAA-RD-79-59

FAA/CT-83/6
WEATHER FORECASTS

FAA/RD-81/40
FAA/PM-86/10

WEATHER OBSERVATIONS
FAA/RD-81/40

WIND SHEAR
FAA-RD-79-59

WORK LOAD
FAA-RD-78-157
FAA-RD-80-58

FAA/CT-TNB85/55
- FAA/CT-TN86/31

FAA-RD~-76-146
FAA-RD-80-17
FAA-RD-80-85
FAA/CT-TNB85/24
FAA/PM-86/25,1

RD-64-55
FAA-RD-80-87

FAA-RD-75-94
FAA-RD-79-64
FAA/PM-84/22

FAA-RD-81-92

FAA/CT-TN85/23

FAA-RD-79-64
FAA-RD-81-59

FAA/CT-TNB5/58

FAA-RD-78-101
NA-80~-34-LR
FAA/RD-82/6
PAA/PM-86/14

FAA-RD-74-48
FAA-RD-80-88, 11

FAA-RD-78-101
FAA/RD-81/92
FAA/PM-84/25

FAA/PM~-84/31

FAA-RD-79-99
FAA/CT-TN85/15
NAE-AN-26 (1985)

FAA/AVN-200/25 (1986)
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e APPENDIX C: AUTHOR INDEX
e

e

e

©o ACE, RONALD E. (Systems Control Technology)

A FAA/RD-82/6 FAA/RD~-82/40
L

::p:{. ADAMS, RICHARD J. (Systems Control Inc. (Vt), Systems Control
"::o:! Technology)

- FAA-RD-79-99 FAA-CT-81-35 FAA/PM-85/6
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This report summarizes the state-of-the-art in helicopter noiss. It includes 8 bibliography of reports on ail compo-
nents of helicopter noise including main rotor, tail rotor, engine and gesrbox. Litersture on helicopter noise reduc-
tion and subjective evaiuation of helicopter noiss wers also included. Capsule summaries of important reports sre
included which describe the purposs of the report, summarizes the important results, comperes the report with
others on the seme subject, and provides s critical svalustion of the work pressnted. It is concluded that the avail-
able prediction methodology provides a means for estimating helicopter sources on a gross besis. However, the
mechanisms of noise generation are still not fully understood, sithough the experimenta! and theoretical tools are
now aveilable to conduct the definitive experiments snd establish the mathematical models nesded for accurste
definition of helicopter noise genersation mechanisms. Spectrum snalysss of helicopter noies show thet main rotor,
tail rotor, and engine sources contribute significantly to snnoyance. In casss where thess sources heve been heevily
suppressed, gearbox noise will aiso sppeer as a significant contributor to snnoyance. Thersfors, quieter helicopters
must include suppression of all of thess components. For certification, the literature indicates that a new nolss unit
is required. This unit may use the effective perceived noiss leve! concepts but should inchude corrections for impul-
sive noise, correctly address the influence of tones throughout the frequency spectrum, extend the spectrum of
interest to very low frequencies, and correctly address the annoyancs of noiss components below 500 Hz. For
assessing the community acceptance of helicopter noiss, madification of the Day-Night Noiss Level, L)y, shows

promise.
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control features, development of airworthiness criteria for certifi-
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and the models derived therefrom are compared with conventional,
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. In addition, the report contains a review of atmospheric boundary
layer theory and descriptions of the measurement sites, instrumenta-
tion and data processing. There is a discussion of spatial aspects
of turbulence and an evaluation of the standard airport cup anemometer

The appendices contain extensive summaries of the data collected.
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‘3 Although this first phase of a two-phase program emphasized the extent that Per-
ceived Noise Level iIn PNdB, Perceived Level In dBA, and corrections to these engineer-

{ ing calculation procedures reflected annoyance to next generation STOL aircraft noise
signatures, other aspects of certification impiementation were also considered and will
be emphasized In & report on the second phase of the program.

l
'
|
!
|
|

oy As a means of determining the accuracy and rellabllity of engineering calculatlonj

L ar
-

procedures that could be utlilized as

Kt

o il el i

significant extent.

b, » A difference between calculated and judged values should be equal-to-or-greater-
than 3 EPNdB In order to conclude that the difference Is reliable.

a basis for noise certification of V/STOL commer- |
clal alrcraft, 36 persons made annoyance Judgments to 34 nofse signals presented at 5 2
different levels. The signals Included recordings of conventional jet aircraft oper- |
ations, turboprop and reciprocating engine powered commercial aircraft, helicopter
flybys, and simulations of V/STOL operations. Both relative annoyance and absolute
acceptability judgments were obtained.

t
i
. . |
* For flyover (not hover) operations EPNdB valldly and reliably predicts annoyance. I
« For hover type of operations EPNdB under predicts annoyance.
e When applied to all alircraft types, the FAR-36 tone correctlon degrades rellabliity
for both PNdB and dBA while the duration correction Iimproves reliability to a

Some of the results are:

— o ag-
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6. Absrract The Telationship between the perceived level, PLdB, of sound (loudness or
noisiness) is shown to be a function of the sound pressure squared and the sound
frequency squared, i.e. PLdB = k p2 £2, A logarithmic formula employing this basic
relationship between perceived level and pressure and frequency has been developed
and is found to be as accurate as the more complex methods currently in use, i.e.
PLAB = 14 + 20 Logio P () + 20 Logyp £ (Hz) which is equal to the following:

PLdB = P(dB)-60 + 20 Logyg F (Hz). The perceived level of an aircraft takeoff or
landing is demonstrated to be equal, to the logarithmic sum of the perceived levels
calculated using the abpve formula, for each octave band or 1/3 octave band, i.e.
PLdB = 10 Logig [antilogjg PLdB1/10 + antilogjg PLdB2/10 ....+ antilog)p PLABN/10]

The results are found to be more accurate than the complex methods currently
in use for the useful range of sound pressure levels and frequencies found to be
associated with operational aircraft including helicopters, turbofan, turboprop and
turbojet powered aircraft. This work, therefore, provides the systems engineer
an easily understood and useful design and evaluation method. The formula developed
clearly shows the design engineer and management personnel the relationship between
the physical characteristics of an evolving system and its potential impact on
muman and community response.
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v the longer time histories of the helicopters with significant blade slap during a

Y level flyover.

': V7. Koﬁ'u_dl ] 10, Distvibution Statement

N Helicopter Noise Levels; Effective This document is available to the public
= Pe:ceived Noise Level, Flyover Noise Time | through the Nationa! Technical Information
% History, Main Rotor, Tail Rotor, Impulsivd Service, Springfield, Virgimdia-22151

:2 Noise.

5 »

:‘ 19. Security Closnil. (of this repert) . Security Clessil. (of this pege) 21. No. of Poges | 22, Price

- UNCLASSIFIED UNCLASSIFIED 1

4 Ferm DOT F 1700.7 (3-72)

Y

1

. lv < P *A uaq“ * \ -« " ap ar - FNRY . - . R v »
"l‘..,; \" “‘ﬁ ¥, 'u‘i ATk v,t'- .0'! 4 v -‘al‘;‘o i ) 2 hhy) 3 “{ Y } "l .t. “Amm



Technaicel Report Documentetion Page

1. Repert Me. 2. Government Accession No. 3. Recipiont’'s Coteleg No.
FAA-RD-77-100 AD-AOLS31L
4. Title end Subr.tle S. Report Deve

August 1977
[} ’ovhmm. Ov'.m 2Qtion Code

Study to Improve Turbine Engine Rotor Blade Containment

——
8. Perltorming Crgen.setien Report No

7. Auther's) K F. Heermann R. H. Eriksson

K. R. McClure FPWA 3351
9. Perlorming Orgen.1eti0n Name ond Address 10 Work Unit No. (TRAIS)
UNITED TECHNOLOGIES CORPORATION
Pratt & Whitney Aircraft Group 11. Contract or Grant No
Commercial Products Division DOT-FATQWA-3857
East Hartford, Conn., 06108 1. Type of Report end Period Covered
12. Sponsering Agency Neme ond Address - Final Report
Federal Aviation Administration August 1976 to August 1977
Systems Research and
Development Service 14. Spensoring Agency Code
Washington, D. C. 20590 ARD-520

1S Supplementery Notes

16  Abstroc?

An engineenng study on a large turbofan engine was conducted to: (1) accurately estimate the engine weight increase and
design criteria necessary to contain equivalent disk fragments resulting from a rotor failure, (2) evaluate forward contain-
ment for tip fragments of fan blades, (3) identify critical structural components and loads for the loss of an equivalent fan
disk fragment through analysis of the rotor/frame transient dynamic response. The fragments studied for engine contain-
ment were disk fragments with energy equivalent to two adjacent blades and an included disk serration, and four adjacent
blades and three included disk serrations. The forward containment study was made to determine the additional weight
required to contain or deflect turbofan engine fan blade tip fragments up to 30 degrees forward of the planc of rotation, as
measured from the axis of rotation.

The results of this study indicated significant weight increases for the engine in order to contain the equivalent disk frag-
ments of two blades with an included disk serration and four blades with three included disk serrations. The total resultant
engine weight increase (shown in Table 9) for the two blade fragment is 367 pounds and for the four blade fragment is 682

pounds.
17. Key Words 18. Disteibution Stetement
- Document is available to the U.S. public
) t
:; Turbofan engine, contsinment, disk fragment, ;::zﬁt::: :::;i::l :;;?Q;Sﬁld
(i blade f ansi i ! - '
:’ ragment, transient dynamic response virginia 22161.
s -
¥ .
! 19 Security Clesuif. {of thig repert) 2. Secunity Closs:l. (of this pege) 21. Ne. of Poges rl?. Price
b Unclassified Unclassified 57 |
't
: Ferm DOT F 1700.7 8-72) Repreduchion of completed pege sutherized
't
[l C/Q
:

At Oh

\'n\\""g-"p'\)\ S AN N
y L

e *.nt!m » ."l ‘_4'4\ Q" |l§ LN -"‘ ¥ LA l) . .' (! ‘ -"{ Tr e Nt .V W
SN E TR e TR A, :\2,_\%.-..1:,!1".‘ |., p," ‘l,‘.t‘.,,‘_ .'.‘.lx“h .h .’! b I' I' N “ S0 Py |.. Hay! #\' !. |' GG ‘h '& ,l“ ‘!‘ _




Oy .'"ﬂ“mm“mm
ey

;i’l' ’x
::"':' Technicol Report Documentation Page
Sy 1. Report No. 2. Government Accession No. 3. Recipient’s Cotalog No. T
o
: N NA-T8-55-LR
* 4. Title ond Subtitle 5. Report Date
e Limited Test of LORAN-C and OMEGA for 1978
: Helicopter Operations in the Offshore New Jersey 6. Performing Orgonization Code
) Area |
"l'»‘ ?‘ 8. Performing Organization Report No. !
lz'&. 7. Author's) ‘
::‘:": Robert H. Pursel NA-78-55-LR - |
:?t:’}: 9. Performing Orgonizotion Nome ond Address 10. Work Unit No. (TRALS) )
‘ Federal Aviation Administration ‘
ey National Aviation Facilities Experimental Center 11 Contract or Grant No.
e Atlantic City Airport, New Jersey 08405
.‘,.:' 13. Type of Report and Period Covered
.’.:l: 12. Sponsoring Agency Name and Address
R Federal Aviation Administration Letter Report
System Research and Development Service
by Washington, D.C. 20590 14. Sponsoring Agency Code
S, ARD=300
E- 15. Supplementary Notes
N
L)
R
R 16. Abstroct
190
‘-}j Limited flight tests were conducted using Loran-C and Omega guidance in the
":x:. offshore Atlantic City area as part of the Helicopter IFR Operations Program at
.ﬂ, 3 NAFEC. Tests were conducted using a prototype Loran-C system and a production
Omega system both installed in a CV-580 aircraft. Approved offshore routes
e were flown and data was collected on both navigation systems. Precision radar
;t:.": racking was used to determine aircraft position. Measured results on Omega
i) navigation indicates mean + 2 sigma crosstrack errors wihich in some cases are
:0:0":: larger than a + 2nm route width. Measured results on Loran-C navigation indicate
-:::1,: mean * 2 sigma crosstrack errors which are close to but do not exceed a + 2
e mn route width. The Loran-C figure, however, includes a bias error of asbout
c 1.2nm which was caused by a problem in the prototype receiver. According to
:;“ i the manufacturer, the problem has been corrected. If the bias is subtracted out,
ft;‘ the mean + 2 sigma Loran-C crossstrack error is well within a + 2nm route width.
03
}‘::n
Bty
5
Why
" 4
‘!‘\“.,_.‘
| 17, Xey Words 18. Distribution Statement
;g N Helicopter LORAN-C Document is on file at the NAFEC
RS Of fshore OMEGA Librery, Atlantic City, Airport,
M Low Altitude Navigation New Jersey 08L0S
:0::.., | Crosstrack Errors Flight Technical Ergor
L
o v 19. Security Clossif. (of this report) 20, Security Classif. (of this page) 21. No. of Pages 22. Price
LA |
"f;: * Unclassified Unclassified 33
'_i'i'° -
a_:::; Zorn DOT F 1700.7 (8-72) Reproduction of ed page outhorized
R €0
.

Cu

(Al

A0 X A w) R T T N R R S P PL VL Tt
¢ T IR AT P Wi REPPRE NN Sl R



- Y W WY N U RTTRE S Er T T wW e e T ey

Tochaical Report Docvmentetion Poge

1. Aepert Ne. 2 Goconment Agsostion Ne. 3. Recipiont’'s Carelog Ne.
-RD-78-101 AD-A061921
4. Titie and Swbtirle $. Repert Dere

September, 1978

6. Poriorming Organizetion Code

Helicopter Operations Development Plan

8. Porkn 9 Organ: Repart Neo.

7. Avthar's)

| Helicopter Program Staff ARD-706 PAR-517~78
9. Poborming Diganisotion Name and Adéress 10. Wed Umit Mo (TRALS)
Federal Aviation Administration
Systems Research and Development Service V1. Conroct o Gront Ne.
Helicopter Program Staff

{ ingtaon, D. C, 20590 12. Type of Report and Poriod Covered
12 Spensenng Aguncy Name end Adérece

° Department of Transportation | Program Plan

Federal Aviation Administration V4. Spensering Agency Code

1S Supplomeniwy Neves

18, Abstrec) .
‘the Helicopter Operations Development Plan is designed to provide
for upgrading and development of all those criteria, standards, procedures,
systems, and regulatory activities which will allow safe, timely and eco-
nomical integration of the helicopter into all-weather operations in the
National Airspace System. It describes a five-year development program
whose objective is to improve the National Airspace System so as to enable
helicopters to employ their unique capabilities. It includes the collec-
tion of data (both near and long term) for use by the FAA and others to
ensure full integration into the NAS of this rapidly growing segment of
aviation. These areas are covered in the plan: (1) IFR Helicopter Opera-
tions; (2)" Navigation Systems Development; (3) Communication Systems Devel-
opment; (4) Helicopter Air-Traffic Control; (5 Weather Environment; (6)
All~Weather Heliport Development; (7) IFR Helicopter Certification Stan-
dards; (8) Helicopter Icing Standards; (9) Helicopter Crashworthiness and
(10Y Helicopter Noise Characterization. The FAA groups, other Federal
Government agencies and other organizations participating in this effort
are identified. Program management responsibilities are addressed. A
program schedule with milestones is preserted and program funding require-
ments are identified.

17. Koy Weede Helicopter, All-Weather 18, Disnibunen Sterement
Operations, ATC Integration, All- Document is available to the U.S.
Weather Certification, Icing Stand- |public through the National Technical

ards, Crashworthiness, Noise, Information Service, Springfield, VA
Heliport, Communications, Navigation|22161
19, Seavrity Classil. (of Sy sapert) . Seawity Clossl. (of s page) 7. Mo, o Pages | 12 Poee
1i8
Fora DOT F 1700.7 8- Reprodustion of cnapleted page authorized

o g vrie % G G R T W N Gt Ty 1% SRy R R A A T TP A a e R AN A a : -
RN N KM O K XY S Y X3 o L o IR v ; 3 by
A AT M I P e S o 9 B e S bl A XY G, hC o e T T IS SN L e e 'v'l':"'ﬂ' O



f‘.'il‘ o
e::.i:‘
. Technicel Roport Documentotion Pege
::;t:; 1. Repert Ne. 2. Gevernment Ascossion Ne. 3. Recipront's Cotalog No.
¥ .!.g
S FAA-RD-78-143 AD-A068925
v 3at|
v::: ‘. 4. Tie end Subntie 3. Repert Dete
“'ﬂf’fe{' February 1979
’ AIRCRAFT WAKE VORTEX TAKEOFF TESTS AT . Porforming Orgenisetion Code
ANEN TORONTO INTERNATIONAL AIRPORT DTS-521
I 0. Porlorming Orgonizetion Report No.
\$ 7. Aume’s) T  gyllivan, J. Hallock, B. Winston, DOT-TSC-FAA-79-9
) 1. McWilliams, D. Burnham
‘::' 9. Perterming Organization Name and Address 10. Werk Unit No. (TRAIS)
'u'?: U.S. Department of Transportation FA905/R9111
Research and Special Programs Administration 11, Contrect or Gront Ne.
D Transportation Systems Center
:‘Qtl::;' Cambridge MA 02142 13. Type of Repert and Peried Covered
ins) 12. Sponsering Agency Name end Address
"-é:t'!: U.S. Department of Transportation ; Fi;‘;é ?eporign
faﬁv:q' Federal Aviation Administration une --June
) Systems Research and Development Service 14, Spensering Agency Code
) Washington DC 20591
;"P‘* 1S. Supplementery Netes
t'(. ]
i‘q’l )
e
.,‘!‘
LAY
::':: 16. Absrrect
nta This report describes the collection and analysis of data related to the behavior
_"f. of the wake vortices of departing aircraft. The test site was located on the
g departure end of Runway 23L at Toronto International Airport, Toronto, Ontario,
_;;'\: Canada. Three arrays of Ground Wind Vortex Sensing Systems and one Monostatic
:{) Acoustic Vortex Sensing System were used to detect, track and measure the strength
T4y of the vortices. !
L The data were analyzed to determine vortex lifetimes, transport characteristics
' and decay mechanism.
:'. The results of the data analysis were used to generate an elliptical wind rose
f,lg‘ criterion similar to that used in the Vortex Advisory System for reduction in
s interarrival aircraft spacings.
¢ ) )
,;a',.‘:o Appendix A contains the results of a series of measurements on the Vortices
:0"‘:;' generated by a Boeing Vertol 11k (H47 Chinook) helicopter.
I}
R¥
)".Q
'IQ:’)
" ‘
,.“ ' 17. Koy Werds 0. Diswibution Statement
155¢ ; ;
"'& Vortex Sen§1ng Tests, _Ac?ustxc DOCUMENT 1S AVAILABLE TO THE PUBLIC
._1.‘ ‘ Sensors, Wind Sensors, Aircraft THROUGH THE NATIONAL TECHNICAL
.t:f' N Wake Vortices INFORMATION SERVICE, SPRINGFIELD.
LN VIRGINIA 22161}
:"Q\:; 19 Security Cloosil. (of this repert) . Seewrity Clessil. (of s peage) 21 Neo. of Yoges | 22, Price
1":: ; Unclassified Unclassified 216
b) g :
vy
ot
L)
o:::g:i: Ferm DOT F 1700.7 ®.72) Repreduction of completed poge eutherized
Ao AN
!
v‘l..'l
AV 62
u:,s,

KA . - "
- “i‘ A LN ;‘~_

ARG RLVLY b S ¥ RN W Y T i G O i B B R L N S e P A e S T Ly
OO SOOI NN 2 M et A 'vh.l\!i‘i, Bhfl 2y furtg o Lo AP P i date Tt 4 CaTgde 7 e Lo e Tk '\.t" ¥

» Al n I



Sk e dh et

RS A

Technicel Report Documentation Page

1. Report No.
FAA-RD-78-150 )
AD-AQT2793

2, Government Accession No.

3. Recipiont’'s Cerelog No.

4. Title ane Subtitie

HELICOPTER AIR TRAFFIC CONTROL OPERATIONS

5. Report Date

May 1979

6. Porforming Organisetion Codo

SPD

8. Porforming Orgenizetion Report Na. i

7. Auther's)

T79ES 06U

U.S, Department of Transportstion
Federal Aviation Adminfstration

Systems Research and Development Service
Washington, D.C. 20590

10. Work Unit No. (TRALS)

1). Contrgct or Grant No. !

DOT-FA78WAI-936

13. Type of Report and Period Covered

12. Sponsoring Agency Nome ond Address
Department of Transportation

Federal Aviation Administration
800 Independence Avenue, S.W
Washington, D.C. 20591

Final Report, Task One

4. Spenlo7' Agency Coda

15. Supplementery Notes

16. Abotroct

special capabilities.

an as-needed basis.

was mac= apparent during the study.

The problems which inhibit the integration of IFR operations in the ATC system
were examined, and recommendations were made to resolve these problems.
in TERPS criteria and in the ATC Handbook are necessary, to minimize interference
between fixed-wing and rotary-wing aircraft.
between IFR helicopters in terminal areas is recommended to increase capacity by
reducing the time interval between helicopter approaches to a value consistent with
the time interval between fixed-wing approaches.
for low-altitude RNAV capability and the ATC system needs to be better adapted to
handle the random route traffic that helicopters will gemerate in exploiting their
To this end, it is recommended that the FAA develop software
to call up and display, on the ATC PPI, random waypoints and comnecting routes, on

Helicopters operating offshore and in remote areas are often beyond the cover-
age of surveillance radar, thus requiring the use of procedural control.
operate below the coverage of VHF communications and VOR/DME,
types of systems, several of which are recommended.
training in procedural control, and in helicopter characteristics snd limitations

Revisions

The use of 2 nm radar separation

Helicopters have a special need

They also
requiring alternate
The need for special controiler

Tl Rey Woras
Helicopter Flight Operations, Helicopte-
ATC, Helicopter Flight Operations Costs,
Communications Systems, Navigation Sys~

tems, Survrillance Systems

18. Distribution Stetement

Document is available to the public through
the National Technical Information Service
Springfield, VA 22161

19, Security Clessif, (of this report)
l.‘ UNCLASSIFIED

2. Security Cloraif. (of this pege)
UNCLASSIFIED

2). No. of Peges 22. Price

form DOT F 1700.7 (8-72)

Repreducrion of ¢«

od poge sutherized




Tochaicol Report Documentation Poge

V. Rover Ne. 2. Govornmont Aeresnion Ne. 3. Recipiont s Coreleg No. —1'
FAA-RD-78-157 AD-AOGB3I9T l
e 4. Title end Subntie AR B JZUU, SO
{Q Review of Alrworthiness Standards for , Fehruary 1979
X Certification of Hcllcopters for Instrument [ Partorming Ocgoniaonon Code l
.:, Flight Rules (1FR) Orecration SSED/ISD |
l.:. .. P-vlu-m."Ov..ulﬂcn Report No. |
¥ 7. Auther's) : |
. J. J. Traybar, D. L. Green and A. G. DeLucien PAR-007-79 |
;‘. ¢, Portorming Drganisetion Nemo and Address 10 Work Unit Na (TRAIS) —-‘:
,g PACER Systems, Inc. (Suite 510) t
}V 1755 S. Jefferson Davis Highway 11, Contrert ¢ Gront Ne. ] -
‘O Arlington, VA 22202 DOT-FATTWA-3966 |
e 13. Type ol Repart ond MNarins Covared l ‘
12. serin Addrass .
N II:E. 62;::2::;;“0f Transportation Fl"?I R?pert iy b “
) Federal Aviation Administration April 1977 to June 1578
,3 Systems Research and Development Secrvice Ta Seonserng Agency Cads "—i
J~ o ~ .
13  Suppiomanteny Netes

1 ‘

’ 6. Abemee  This report reviews the Alrworthiness Standards for Certification

§

¥ of Helicopters for Instrument Flight Rules Operation. It sperifically

&: reviews the Interim Criteria, Federal Aviation Regulations, Advisory

" Circulars and other pertinent documents associated with the certification

of Helicopters for Instrument Flight. A review of current technology,
existing data applicable to IFR helicopter operation and certification

< procedures is accomplished. Identification of specific airworthiness

‘I‘ requirements for helicopters operating in IFR conditions is s%ndied and

};x special attention is given to aircrew manning configuratiocns, pilot flight-
s control workloads, helicopter trim, static stability, dvnamic stahility,

- handling qualities, analysis of time history data and documentation procr-
' dures, augmentation systems, autepilots and a review of certaiv fifchit test

i f
:!: techniques. An analysis was made of the numernus helicepters recentiy i
: . certified for IFR flight in order to establish the varinus systems ntilizedi
‘, including avionics systems, display systems and antopilor type svstems,
b Special emphasis was centered on the study of the mnst critical IFR flight |
‘ phases depicted by high workload cruise conditions and marginal stahjlity
Jﬂ conditions due aft c.g. conditions, descent, and high climb rate conditions 1
:j during IFR approaches and missed approaches for Caterory I proccdurcs. !
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16. Abstract

The results of a two-phased program to investigate powered-lift aircraft
handling quality degradation due to both naturally-occurring and computer-
genersted atmospheric turbulence are presented and discussed. In Phase I .
an airborne simulator was used to similate a powered-lift aircraft on final
approach. The atmospheric conditions included calm air, moderate to heavy
turbulence, and frontal-type wind shears. In Phase II a ground-based
similetor with & moving cockpit and a colored visual display was used to
represient the same powered-lift aircraft. During Phase II, the Dryden model
of atmospheric turbulence was used as well as the naturally-occurring wind
profiles recorded during Phase I.

Analysis of the data showed that the handling quality assessments obtained
in tre airborne and ground-based simulators were similar, but wind shear was
responsible for more of the differences than turbulence. The comperison of
the handling quality assessments and selected measures of combined pilot-
vehicle performance cbtained with the naturally-occurring and computer-
Zenerated turbulences demonstrate that the Dryden model cen yield optimistic
ratings of airplane handling qualities and an optimistic estimate of combined
pilot-vehicle performance degradetion in turbulent landing conditions.
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11 Contract ot Gront No

DOT-FA7TWA-3966

A review was made of the Interim Criteria, Federal Aviation Regula-
tions, Advisory Circulars and other pertinent Documents associated with
certification of Helicopters for instrument flight. A review of
publications pertaining to workload definitions and evaluation, applicable
to IFR helicopter operations was accomplished. The report identifies the
role of aircrew workload in the IFR certification process and develops a
ratjonale to allow determination of that portion of a pilot's attention
and effort available for aircraft control. Performance objectives for
required maneuvers are delineated and the interdependence of performance
and workload is identified. Workload/performance implications for single
and dual pilot IFR operations are reviewed. A series of flight maneuver
patterns for use as IFR certification assessment tools is developed. A
flying qualities workload evaluation scheme is offered for use in the FAA
certification process for IFR approval of helicopters.
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16. Abatrect
This report presents the results of a comprehensive flight test experiment of

an Airbogne Radar Approach (ARA) system. The tests were performed within a 60
nautical mile radius of NAFEC in Atlantic City, N.J. The test environment involved
three distinct sites: airport, remote and offshore. The test aircraft was a NASA
CHS53A helicopter manufactured by Sikorsky Aircraft and currently based at NAFEC. The
test period was from July 1978 to December 1978.' Flight tests for ARA accuracy and
procedures development were performed in both skin paint (and passive reflector) and
single beacon radar operating modes. The flight test profiles and procedures were
developed for the following reasons: 1) to assist the FAA and the user community in
developing and certifying standard ARA procedures, associated weather minimums and
obstacle clearance requirements; 2) to define and quantify specific ARA system func-
tions and characteristics for use in a Minimum Operational Performance Standards
(MOPS) document.

The primary conclusions of this flight test experiment were: the Airborne
Radar Approach System tested performed satisfactorily from both an accuracy and an
operational viewpoint in the single beacon mode for all three airspace environments;
the ARA performance in the skin paint mode showed two significant problems, 1) distin-
guishing landside targets was quite difficult and could cause operational problenms,
2) offshore targets such as oil rigs provide bright returns but are not distinguish-
able from boats, lighthouses and buoys; the ARA performance in the reflector mode

showed that very large reflector cross sections are required to provide positive
target identification.

Further flight experiments are planned to evaluate additional radar operating
rodes such as combined skin paint and beacon modes, and techniques of cockpit
display to aid the pilot in his "track keeping" function.
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helicopter instrument flight rules (IFR) operations in the offshore oil drilling areas
E;e creating a need for low~level extended range air/ground (A/G) communications.

1s report describes the communications equipment and concepts used for helicopter
IFR operations in the offshore New Jersey, Baltimore Canyon oil exploration area.
Various types of very high frequency (VHF) high-gain directional antenna arrays were
installed and flight tested to determine the degree of A/G communications coverage
provided. Both the flight test data and more than 1 year of operational experience
have shown that reliable A/G communications that can support IFR operations are
obtainable throughout the offshore New Jersey oil exploration area by using high-gain
directional antennas.
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16. Abstrect

(NEC).
expressly for helicopter operations.

(HAA) .

after each corridor test flight.

operations.

continue until July 15, 1980,

This report describes an evaluation of the Northeast Helicopter Corridor Routes
The Northeast Corridor is an experimental route between Boston and
Washington, D.C., consisting of two, one-way, reduced width airways designed

The evaluation is a joint effort of the
Federal Aviation Administration (FAA) and the Helicopter Association of America
The data being gathered is i the form of data extraction tapes from
Automated Radar Terminal Service (ARTS) equipped air traffic control (ATC)
facilities along the routes and flight logs submitted by the helicopter pilots
The test flights are being made as cooperating
corporate helicopter operators fly the corridor in the course of their normal

The data collection phase of this evaluation began July 15, 1979, and will
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15. Supplementary Notes

16. Abstroct

This report presents preliminary results of a flight test evaluation of a radar
cursor technique to be used as an aid in acquiring and tracking the desired
ground track during airborne radar approaches. The test was performed using a
Sikorsky CH-S53A helicopter on loan from NASA and based at NAFEC. The airborne
radar system used was & BENDIX RDR-1400A modified to electronically produce &
radar cursor display of course error. Airborne radar approaches were made to an
offshore and an airport test environment located within a 60 naucical mile radius
of NAFEC. Systems Control, Inc.(SCI), provided contractor services in the areas
of test planning, data reduction, and final report preparation. The specific
purpose of the test was to evaluate the practical utility of the radar cursor

as an aid to performing airborne radar approaches. The preliminary conclusion
of this test was that the use of the radar cursor improved course acquisition
and ground tracking significantly with pilotage errors and total system cross-
track errors reduced by one-half or better. The radar cursor technique showed
potential in reducing airspace requirements for airborne radar approaches.

SCl1 is presently completing data reduction and analysis and will publish a

final report in the near future,
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This report examines the communications requirements of helicopters
operating in the National Airspace System in the 1985-1990 time frame.
The technical options that exist or are forecast to exist in that time
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A research plan is formulated for developing
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A flight test series investigating the airborne radar approach (ARA) for helicopters
1s discussed. Passive and active target enhancement methods and their relative
merits are examined. A description of systems and methods involved in the ARA

are p-esented along with subjective insights and conclusions. It is concluded that
the ARA is a practical approach aid in the absence of conventional navigation aids
(NAVAID's) subject to certain limitations as discussed herein.
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16 Abstruce

A limited amount of new data has been obtained on the icing environment
during initial airborne measurements simed at developing environmental icing cri-
teria for use in certifying helicopters for flight into icing conditions. Super-
cooled cloud characteristics are reported for 12 icing events encountered at tem-
peratures from -10°C to 0°C at altitudes from 3500 to 6500 ft above the surface
of Lake Erie and Lake Michigan. Recorded droplet size spectra from a Particle
Measuring Systems' Axially Scattering Probe (ASSP) were used to compute droplet
mass (volume) median diameter (MMD) and, in addition to a Johnson-Williams LWC
Indicator, the liquid water content (LWC). A review of available historical data
from 1944-1950, upon which the atmospheric icing standards of Appendix C, FAR 25
were based, reveals that data obtained from measurements of ice accretion on
multidiameter cylinders are subject to a number of significant errors of both
signs. These probable errors, which will continue to be evaluated, may be re-
sponsible for the conclusions that 1) the historical LWC values are generally
larger than those observed in the flights described in this report, 2) the his-
torical MMDs appear to be generally too small for all values of LWC and3)the
historical droplet size distributions are unreliable, as is acknowledged in the
later historical literature.
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In summary, the conduct of the IFR lighting and marking survey had revealed
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V6. Abstroct

Flight tests of a long range navigation (LORAN-C) airborne navigator were conducted
in the Gulf of Mexico oil exploration and production area. Two systems were installed
in a CV-580 aircraft to examine simultaneously the performance from two different
LORAN-C triads. Four separate test routes were flown over a period of 3 days.
These routes covered the eastern, central, and western test areas, and an overland
route from Houston, Texas, to Lafayette, Louisiana. An inertial navigation system
(INS) was used as a position reference standard. The INS data were updated to
correct for drift. Accuracy of the position reference from the corrected INS data was
+0.3 nautical miles (nmi). The flight test data collected indicated that both
the Malone, Raymondville, Jupiter and the Malone, Raymondville, Grangeville triads
provided en route LORAN-C navigation capability which met Federal Aviation Adminis-
tration (FAA) Advisory Circular AC-90-45A accuracy requirements except when operating
near the baseline extension of the Malone-Grangeville baseline when using the Malone,
Raymondville, Grangeville triad.

17. Koy Words 18. Distribution Statement
LORAN-C Document is available to the U.S. public
ﬁn Route Navigation through the National Technical Information
adio Navigation System Service, Springfield, Virginia 22161
19. Security Classil. (of this report) 2. Security Clessif. (of this page) 2. No. of Pages | 22. Price
Unclassified , Unclassified 100
Form DOT F 1700.7 (8-72) Reproduction of 5 red page authorized

IO I W X (A Be W] - e g L D WY 4
RN AR S K R A TR AN T o Tt .‘“-. Vg .0".1. i Pty .. Wi m (i ) 0H




e
i
RN
::.::: Techaice! Repert Documentetion Poge
':E:E"i rl'._l---. L Governmen Assessoem Ne. 3. Respnent’'s Corelog Me.
A FAA-RD-80-58 AD-A090052
e T Viclo ond winrie T Reper Dove
;'i:;° :tudy o{ !I!el‘.copter l;erfo;mance and —-‘-'-—,%‘:‘:'.I::Sm-u
;:"a' erminal Instrument Procedures SSED/FSG
~:!!g, 3. Porlorming Orgamsetion Repert No.
Q:):: ). &whe/s) p G, Delucien, D.L. Green, H.R. Price,
ity _and F,D, Spith
9. Poripraing Organisption Nane end Addvese 18. Work Unit Mo (TRAIS)
Gt PACER Systems, Inc.
HEs 1755 South Jefferson Davis Highway 1. Cantiect o Gront Mo
e Arlington, VA 22202 DOT-FA-79WAI-019
,'%tﬂ‘ 13. Type of Roporr ond Period Covered
,?‘.,;.g' 12, Spensering Agoncy Name end Adéress
v U.S. Department of Transportation Final Report
Federal Aviation Administration
e Systems Research and Development Service 14. Spensering Agency Code
0 Washington, D,C. 20591 FAA/ARD-330
:5::§ 13 Supplomentery Neres
ot
]:::::0
. 16. Abstvect
A98
t)-, In an effort to provide data needed to examine the feasibility of
rd‘) new procedures and criteria for terminal instrument procedures, this
:}2\ study effort addresses helicopter IFR operations in two parts. First,
it documents, in a collective sense, the IMC and VMC performance
gty capabilities of currently IFR-certified helicopters. A number of
“_ T proposed helicopter procedures are analyzed for their suitability for
ﬂ.{. futher consideration or experimental testing, considering the current
‘ "_{ helicopter parametric performance envelopes. Second, helicopter
A instrument procedures are addressed in the long-term sense and
recommendations are offered for development of post-1985 operations.
’(f.’.‘ ’
A
s
I."!:.
A
g
i
BN —
g:‘.' 17. Koy Serds 0. Disvilwnan Storament
;o: Helicopter, Pilot Workload, IFR This document is available to the
f}i!!l, Handling Qualities, TERPS U.S. public through the National
e Helicopter Performance Technical Information Service,
:;:"' Springfield, VA 22162
el 19 Sommivy Clasoil (of Gis mpert] B Soamity Clesail. (ol this page) i te of Pages | 32 Pree
! o UNCLASSIFIED UNCLASSIFIED 1
?‘ : Fers DOT F 1700.7 8- Reprodustion of ssmploted page euthorined
»
4
Wb
N) v I
)

LT T S T

Py w AN S R T T TR IE Pl G O] SR REAE AT T e
ARG GERIRGL i 4% by SRS b '::“::‘. M&i\&:ﬁ&i

PN N Nl QAR
> 4 o e XS
B R e N O AN W M A




1,
LA

Yechaice! Ropert Documentation Poge

1. Repers Mo, . Government Accossion Mo, 3. Recipiont's Coreleg Ne.
FAA-RD~80-59 AD-A088150
4. Vidlo and Swbsirle 3. Repert Deve
June 1980
Helicopter Terminal Instrument Procedures e O e Gl

(TERPS) Development Program

8. Porlorming Organisearion Ropors No.

T Avthera)
Helicopter Systems Branch (ARD-330)

?. Poctorming Organisation Neme end Addrese 10. Werk Unit No. (TRAIS)

Federal Aviation Administration

Systems Research and Development Service 1. Convrect or Grant No.

Helicopter Systems Branch
Washington, D.C. 20590 13. Type of Repurt and Poried Covered

12. Spensering Agency Neme ond Addrere
U.S. Department of Transportation Program Plan
Federal Aviation Administration

Systems Research and Development Service 14 Spensering Agency Code
Washington, D.C. 20590 ARD-330

1S Supplementery Netes

16. Abstrect

The Helicopter TERPS Development Program is designed to collate
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I 16 Abstract

A helicopter ATC system for the Gulf of Mexico is set forth. It embodies a
concept of evolutionary growth in four phases as follows:

Phase 1, The Present System (period of use: 1980). IFR navigation is obtained
primarily with Loran-C, or VLF/OMEGA. Back-up systems are ADF and Airborne Weather
kadar. VOR/DME is used over land. ATC is by procedural control and separation
standards because no radar or other surveillance system is available off shore.

Phase 2, LOFF (Loran-C Flight Following) (Period of Evaluation:1981). The LOFF
system is placed in operation for experimentation and evaluation. While ATC is
still performed by procedural control, LOFF will assist ground controllers by
reducing workload, improving flexibility, etc. Experiments will also be performed
on secondary radar systems (ATCRBS & VLATME) to provide surveillance.

Phase 3, Augmented LOFF (Period of use: 1983 and beyond). IFR helicopters will
be able to fly direct,offset or segmented RNAV routes. ATC will be essentially
equivalent to the NAS. Navigation by Loran-C will expand. Surveillance will be by
LOFF and/or secondary radar. Area of control will be 1,500' tc 10,000' over entire
Gulf.

Phase 4, RNAV Traffic Control (Period of use: 1985 and beyond). IFR helicopters
. will be able to use any of a number of certified navigation systems. ATC systems
will adapt to varying accuracies of these systems. ATC will be based on surveill-
ance provided by aircraft reporting of position information and/or secondary radar.
Separation standards will be reduced and be equivalent to Northeast Corridor.
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16. Absrroct

A number of recommendations from a previous helicopter air traffic control (ATC)
study (See Report FAA-RD-~78-150) were examined. Those which appeared to have potential
for early implementation were selected for further testing. The selected recommendatioJ
included: (1) dual-fix holding patterns to save airspace; (2) speed control procedures
and short approach paths to save fuel; (3) various methods of reducing separation in
order to increase airport or heliport capacity. Under item 3 above, a rationale for

utilizing existing parallel approaches of helicopters and CTOL aircraft was presented
for consideration.

Extensive use of flight simulation and ATC simulation was recommended in order to
reduce the time and cost of evaluating the potential improvements. The steps of the
recommended simulation program were arranged in the order of ascending cost, to learn
as much as possible about the subject as quickly as possible and to weed out or revise
impractical solutions before they reach a more expensive stage of evaluation or devel-
opment. A detailed simulation program was prepared using a modified factorial design
in order to isolate the effects of changes in various parameters.
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16. Absrrect

The recommended Short Term ATC Improvements for Helicopters are documented
in three volumes, 1.e.:

@ Vol. 1 is a summary report of all improvements studied. Improvements are
categorized as to those that can be recommended for immediate operational considera-
tion or use and those that require limited short term simulation or test.

The recommendations for immediate use include: (1) Helicopter ATC training
material, (2) Operational Description of LOFF, (3) Recommendations concerning
military training routes and (4) Survey data for use in Gulf communications and
route structure planning.

The recommendations for short term simulation include: (1) Dual waypoint
holding patterns, (2) other holding patterns and (3) shortened entry procedures
for intercepting final approach path.

e Vol. II is the complete training material for helicopter ATC. It contains
major sections on Helicopter Capabilities and Limitations, on Helicopter Navigation
and on Helicopter Control Procedures.

e Vol. III is the complete Operational Description of the Experimental Loran
Flight Following (LOFF) in the Houston Area. It describes both airborme and ground
components and states the objectives that are being sought in the experiment.
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V6. Abstrec?

This report describes Federal Aviation Administration (FAA) acceptance tests on the
Navigation System Using Time and Ranging (NAVSTAR) Global Positioning System (GPS)
Z-set receiver which were conducted in a United States Air Force (USAF) System
Command C-141 aircraft over the instrumented range located at the Yuma Proving
Ground. The Yuma laser tracking system computed a reference trajectory against which
the GPS receiver solution was compared. Dats from five flights, totaling over 6
hours, are presented with the objective of assessing Z-set capabilities to meet civil
aviation requirements for nonprecision approaches.
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The purpose of this task was to develop a 3D Loran-C Navigator by

. configuring an interface unit between an airborne Loran-C navigator (Teledyne

P TDL-711) and an Altitude Alerter/VNAV Guidance system (Intercontinental

b Dynamics model 541). The digital computer-based interface unit was designed to

i allow the flight crew to specify the approach slope (3.0 to 9.9 degrees).

N This report documents the hardware and software in the interface unit, and
. interconnection with the other involved systems.

S The availability of accurate, three-dimensional approach guidance

b information at airports where no ILS is available provides significant

5 operational advantages, to helicopter operators in particular. The 3D Loran-C
: navigator system was bench tested and flight demonstrated. Smooth, accurate
g (within the limitations of Loran-C) descent guidance information was obtained.
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Flight tests were conducted in the central Appalachian Region of the United States
,.{ to measure en route Loran-C position accuracies at low altitudes in mountainous
fiA-
1.

b - terrain. Receivers were configured to use the Northeast and Great Lakes Chains of
A58 Loran-C transmitters during the flights while position information and receiver
’i\: status were recorded. Comparisons were made between each of the recorded Loran
Y positions and position information derived from the Inertial Navigation System.
1 The results were compared against Advisory Circular (AC) 90-45A accuracy criteria

T for the en route phase of flight. It is concluded that both the Northeast United
:-: States Chain and the Great Lakes Chain meet AC 90-45A en route accuracy criteria
;::. over the entire flight test area.
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16. Abstrect

This report describes a flight test designed to investigate the suitability of
Loran-C as a nonprecision approach aid in the Northeast Corridor (NEC). Approaches
vere flown at six selected airports in the NEC by a CH-53A helicopter using Loran-C
for course guidance. Accuracy criteria specified in Advisory Circular (AC) 90-45A
were used as the standard for acceptability. Data were recorded for Loran in area
calibrated and uncalibrated modes along with very high frequency omnidirectional
radio range (VOR)/distance measuring equipment (DME) raw sensor data for comparison.
The results show that the group repetition interval (GRI)-9960 Northeast U.S.
Loran-C chain met AC 90-45A requirements for nonprecision approaches in all cases
when a local area calibration was applied. The uncalibrated mode met AC 90-45A
requirements at four of the six airports. It was determined that the Seneca,
Nantucket, Carolina Beach triad should be used for navigation throughout the flight
test area.
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The Federal Aviation Administration (FAA) Technical Center conducted this test
project under Technical Program Document (TPD) 04-150 to determine the operational
suitability of the Navigation Satellite Timing and Ranging Global Positioning System
(NAVSTAR GPS) for rotary wing aircraft. The flight tests were conducted in & CH-53A
helicopter using a prototype low cost GPS receiver, the Magnavox Z-set. Over 15
hours of radar tracked en route and nonprecision approach flight tests were flown
with tvo-dimensional GPS derived guidance (crosstrack and distance~to-go) used as the
primary navigation system,

This report includes tabulated statistical analysis of navigation errors for the
flight test route segments flown. The results of the data presented in this report .
are summarized, analyzed, and discussed in the FAA Technical Center final report
number FAA/CT-82/74, "Helicopter GPS Navigation with the Magnavox Z-Set."
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The Federal Aviation Administration Technical Center conducted this test project
under Technical Program Document (TPD) 04-150 to determine the operational suita-
bility of the Navigation Satellite Timing and Ranging Global Positioning Syatem
(NAVSTAR GPS) for rotary wing aircraft. The flight tests were conducted in a
CH-53A helicopter using a prototype low-cost GPS receiver, the Magnavox Z-set,
over a period of performance from July 1981 to January 1982, Over 15 hours of
radar tracked en route and nonprecision approach flight tests were flown with two-
dimensional GPS derived guidance (crosstrack and range to go) used as the primary
navigation system.

This report includes laboratory and flight test results that demonstrate percurba-
tional effects from the following conditions: multipath, satellite shielding, user-
satellite geometry, vehicle dynamics, weather, and navigation satellite constella-
tion change. The flight test data were analyzed in this report for compliance with
the requirements of Advisory Circular (AC) 90-45A and the technical and operational
issues specified in the Federal Radionavigation Plan (FRP).
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16 Abstrast
'y This report contains the description and results of a Loran-C f11ght test
- program conducted in the State of Alaska. The testing period was from August 1982
o to September 1982. The purpose of the flight test was to identify applicable
. Loran-C accuracy data for the Alaskan air taxi and 1ight aircraft operators so
W that a Supplemental Type Certificate (STC) can be issued in the Alaska Region for
the Loran-C system tested (Teledyne TDL-711).

Navigation system errors were quantified for the Loran-C unit tested. The
: errors were computed from knowiedge of position calculated from ground truth data
e and the indicated position of the navigator. Signal coverage, bias and flight
i: technical error data were also obtained. Multilateration ground truth, photographic
2 ground truth, and data acquisition systems were carried aboard the test aircraft.

The tests were concentrated in the southwest part of the Alaskan mainland.
. An interconnecting network of routes west of Anchorage and south of a line from
o Fairbanks to Kotzebue were flown for data collection. Of particular interest was
Q. the area around, and to the west of, Bethel where there are currently very few aids
K to air navigation.
L The North Pacific Loran-C chain with stations at St. Paul Island (Master),

Port Clarence (Yankee) and Narrow Cape (Zulu) was used in this area, Test results
indicate that Loran-C has sufficient signal coverage and accuracy to support aircraft
enroute navigation in much of the test area. In the area around Anchorage the test

'A
ﬁ unit failed to consistently acquire and track the signal, however. Further analysis
ﬁ of the data and testing are required in the Anchorage area.
! y
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. | NAVIGATION Document is available to the U.S. public
- b LOPAN-C - |through the Mational Technical Information
SUIGHT TEST Service, Springfield, VA 2216
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' This report 1s a compilation of general aviation safety recearch issues extracted

Bt | and summarized from recent studies conducted by the Federal Aviation Administration
(FAA), other government agencies, and the aviation industry. It offers an overview
BPNY | of conclusions and recommendations that highlight current and future problem areas
d in general aviation. The report addresses the expressed needs as defined by these
x> | studies which counsel research and development relevant to the interrelationships
*1 of man, machine, and environment to effectively improve the general aviation safety
» W record.
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16. Abstrect

A Federal Aviation Administration (FAA) research program 1is presented to identify
the aircraft icing problem and discuss the methodology and resource requirements
planned to resolve them. This program plan is divided into three subprogram areas:
(1) Atmospheric Criteria — The development of meteorological icing certification
criteria to permit safe flight operations for all types of aircraft in all types of
icing conditions; (2) Procedures snd Technology — The development of technical
data necessary to enhance certification and operational use of advanced ice protection
concepts; (3) Simulation Techniques — The use of computer and facility icing simula-
tion technology to enhance the certification process. All program efforts described
fall into the area of regulatory development and technical support.

Heavy reliance is placed on cooperative efforts with other government ageancies with
expertise and icing facilities.
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FAA Contract FAT7Q 7000
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: ... =llec (nri) of airborne measurements in a varietv of
surcercoeled cloud tvpes and we~ther conditions up te 10,002 feet (3 kilometers)

at cve grovnd 1ol {4 lLave been computerized to form a new Data Base of cloud
variabivs J“;;icaLlL to low alititude aircraft icing studies. Half of the data is
MRl S ! reczaren flights conducted by the National Advisory

Committer for Acrwnautics (NACA) in 1946-50. The other half is from recent
winlufisme researcn. faifats oy the Naval Research Laboratory and other organizat.en: .
mostly over the conterminous United States (CONUS) and nearbv offshore areas. Thc
vata base includes liguid water content (LWC), cloud dropnlet median volume diaretcr
V1, it outs.ue aalr temperature (OAT), horizontal extent and altitude of un:ifors
cilul 1ntervals as well as information on cloud type, weathier conditions, date and
geoprarhic location, and other data.

A variety of analyses are illustrated which yield these principal conclusions:
The (ACA and roders CONUS measurements generally agree in most aspects for similia
amounts of data in similar cloud and weather conditions. The Intermittent
Maximum and Continuous Maximum "envelopes" in the Federal Aviation Regulations.
Part 25 (FAk-25), Appendix C, do not correctly describe the icing environment for
altitudes up to 10,000 feet AGL. The average ice accretion rate appears to be inde-
pendent of altitude between 2000 and 10,000 feet AGL.
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Icing envelopes winich effectively ciharacterize supercooled clouds from ground level toi
10,00u feet above ground level over the conterminous United States have been generated
Irom a new data base of aerial observations. Tnis data base, recently established via'
an Interagency Agreement between the FAA and the Naval Researcn Laboratory is the |
largest, most significant compilation of low-altitude supercooled characteristics ;
currentlv in existence. It is intended that this new characterization serve as a,
pasis tor the establisnment of design criteria and regulations that pertain to ice
! protection systems and equipments for low performance ailrcrafc which typically
operate below 10,000 feet. This new characterization groups the sypercooled cloud
properties for all cloua types observed into three temperature ranyges and presents
their associated values of liquid water content (LWC), range of median volume droplet
diameters (1vD), and icing event duration. Details of the analysis process are

discussed which use a least squares logaritnmic regression estimation technique to-
predict tne extreme values of supercooled cloud properties.
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during July 1983,

helicopters and general aviation aircraft.

in the aircraft cabdin.

poajtion,

project,
used in the accuracy analysis.

This report contains the description and results of a Loran-C flight test program

conducted in the continental United States (CONUS).
The purpose of the program was to collect Loran~C signal coverag

and accuracy data representative of low altitude, low speed operations typical of

The test aircraft used was a Beechcraft Queen Air, Model 65. The aircraft was
configured with a data collection palate and multipin electrical connectors located
A Teledyne IDL-711 navigation receiver was used in the test,
utilizing an E-field antenna mounted on the top of the fuselage.
controlled data collection system, utilizing a scanning DME and other aircraft

navigation instruments, was used to record data and establish aircraft reference

Route segments, totaling over 9500 nm covering much of CONUS, were flown during the

Data were recorded on all route segments,
Calibration procedures, used at five locations,

reduced errors throughout an area within a 75 nm radius of the calibration point.

The data collection period was

A microprocessor

Over 12,000 data points were
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Rotorcraft operating characteristics may require a collision avoidance systea to
perform a substantially different function than is provided to conventional fixed
wing aircraft by Traffic Alert and Collision Avoidance System (TCAS) I or the Minimum
TCAS 11. This paper has been prepared to provide analysis of environmental conditions
and operational characteristics of near mid-air collisfon situations involving
rotorcraft. The analysis is intended to provide data in establishing preliminary
human factors and procedural design requirements for a rotorcraft collfsion avoidance
system. The information should be used to establish TCAS Rotorcraft Program

experimental requirements.
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This flight test plan describes the methodology for determining an optimum
azimuth and elevation course width for Microwave Landing System (MLS)

_ approaches to a collocated MLS installation at a heliport. The flights will
be conducted at the Federal Aviation Administration (FAA) Technical Center,
Atlantic City Airport, New Jersey, using a UH~1H helicopter. This effort will
provide a data base for determining the course width to be utilized in future
helicopter MLS flight test activity scheduled to be conducted at the Technical
Center. The data collection and data reduction and analysis of the flight test
data are discussed, and a schedule for the completion of the associated tasks
is presented.
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installation at a heliport.
ugsing the Center's Sikorsky S-76 helicopter.

procedures to a helipad.

Aviation Administration (FAA) Technical Center, Atlantic City Airporet,
This effort will provide a data base
for procedures specialists to develop departure procedures and in MLS approach

The test development, test equipment, data collection, and
data reduction and analysis of the flight data are discussed.
completion of the associated tasks is presented.

This flight test plan describes the methodology for a data collection flight test
using the Microwave Landing System (MLS) for precision approaches to a collocated MLS
The flight tests will be conducted at the Federal

New Jersey,

A schedule for the
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) A This document wil] be distributed to all
Heliport Design Guide who attended the workshop. A limited

number of additional copies are also avail-
able from the sponsering agency
(see block 12).
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undertaken in response to the Aviation Standards National Field Office (AVN) to
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The J:gi Army Aviation Systems Command (USAAVSCOM) conducts airworthiness qualification

testing on aircraft under artificial and natural icing conditions. A JCH-47C helicopter
with a Helicopter Icing Spray System (HISS) installed is used for generating a simulated
natural icing environment. The artificial icing tests are followed by natural icing
tests to assure a wide variety of flight conditions are tested and to verify artificial
icing test results. The JCH-47C/HISS has been used since 1974 for conducting research,
engineering, development, and qualification testing for U.S. Army, U.5. Navy, NASA, and
various con:ractor aircraft. The USAAVSCOM has compiled an extensive artificial and
natural icing test data base. The data is summarized in this report. Detailed time
histories of selected natural icing encounters have been provided under separate cover
to the Federal Aviation Administration (FAA).

This report dccuments unclassified U.S. Army, other U.S. Government agencies, and
commercial icing test programs. Also discussed is the use of deice and anti-ice systems
the impact of ice accretion and shedding characteristics, performance considerations,
stability and control, and vibration characteristics; and the cloud parameters measure-
ment equipment and test aircraft instrumentation used for documenting test data. The
test methodology and requirements used for qualifying aircraft for flight into icing
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conditions, instrumentation, and special equipment are summarized, and the details for
test condu: ted are contained in the references. The report documents in part 14 years
of U.S. Army experience in conducting in-flight aircraft icing tests and is provided to
"f.¢ FAA under interagency agreement in the preparation of manuals and other documents
Telarive ro rke certification of civil aircraft as appropriat=.
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The work reported in this document was performed at Lincoln Laboratory, a center for
research operated by Massachusetts Institute of Technology, under Air Force Contract

16 Abstroct

from the testing.

A specially modified version of the Traffic Alert and Collision Avoidance
System (TCAS) was installed in a Bell Long Ranger helicopter in order to
investigate the feasibility of TCAS operation in rotorcraft.
employed TCAS air-to-air surveillance to provide automated traffic advisories
that were displayed in the cockpit on a color cathode ray tube display.

This installation

As part of this study, 12 subject pilots evaluated the utility of the
installation through brief test flights in the vicinity of a major airport.
Among the topics investigated were the rate of alarms, the computer logic
for issuing advisories, the bearing accuracy, and the display symbology.

Several recommendations for adapting TCAS to the rotorcraft environment resulted
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